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PURPOSE: To make a load temperature rise from low temperature 
performable as 

well as to aim at the shortening of starting time for a cell, by housing 
each 

adsorbent of moisture and carbon monoxide stratifyingly in a feed 
manifold of 

the fuel gas made up of reforming methanol into hydrogen rich gas 

with a 

reformer. 

CONSTITUTION: A moisture adsorbent 8 and a carbon monoxide 
adosorbent 9 are 

stratifyingly housed in a manifold 3 at the fuel gas inlet side of a cell 
2. 

With this, a temperature rise by cell reaction heat from a low state 
(about 

40°C) in cell temperature comes possible without entailing any 
poisoning 

due to carbon monoxide out of a fuel electrode catalyzer and an 
increment due 

to moisture of a phosphate electrolyte so that rise time of the cell 2 is 
sharply reducible, and when the cell 2 becomes more than the 
specified 

temperature, the adsorbing moisture and the adsorbing carbon 
monoxide are 

separated, thus these adsorbents 8 and 9 are regenerable. 
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Specification 


1. Title 





Fuel gas delivery system for fuel cell generating system 

2. Claims 

© A fuel gas delivery system for fuel cell generating system which is characterized by housing various 
adsorbents for moisture and carbon monoxide in stratified form in an intake manifold, which delivers fuel gas, 
which is methanol reformed by a reformer, to a cell, so that the moisture and carbon monoxide in the 
aforementioned fuel gas are respectively adsorbed by the various aforementioned adsorbents when the cell is cold 
started, and the aforementioned adsorbed moisture and carbon monoxide are released at above a specified 
temperature in the cell, thereby regenerating both adsorbents. 

3. Detailed Description 

(a) Field of Industrial Application 

This invention pertains to phosphoric acid fuel cell generating systems that use a methanol reformer, and 
specifically pertains to the fuel gas delivery system for small-scale electrical generating systems suitable for 
portability. 
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(b) Prior Art 

Hydrogen-rich gas produced by reforming hydrocarbon fuel with fuel processing equipment is generally 
used as the fuel gas that is delivered to the fuel electrode in a fuel ceil, but when natural gas is used as the raw fuel, 
the reformed gas from the reformer contains large quantities (approximately 4%) of CO, and since this will 
contaminate the platinum in the electrode catalyst, it is necessary to decrease the CO content to approximately 0.5% 
by using a shift converter to convert this CO to C0 2 . Consequently, fuel-processing equipment has become large and 
unsuitable for small-scale generation systems. 

In contrast, since the CO content in the hydrogen-rich reformed gas is only about 0.5% when methanol is 
used as the raw fuel, it can be used as fuel gas without passing it through a shift converter, simplifying the fuel 
processing equipment and making it more suited to small-scale generation systems. 

Meanwhile, the lower the cell temperature, the more pronounced the CO-contamination of the platinum 
catalyst, and consequently, methods have been used in the past in which, when starting the cell, various reaction 
gases were supplied after heating the cell temperature to approximately 125°C, and the cell was then heated to its 
rated operating temperature (approximately 18O-190°C) by the cell reaction heat. However, this method had 
problems with prolonged cell start-up times. 

Fuel gases also contain large quantities (approximately 10%) of moisture, and methods also have been used 
in which the fuel is delivered to the cell after removing the moisture with a common condenser, but this tended to 
complicate the equipment. 

If load heating is started from a low temperature (approximately 40°C) without removing the moisture, the 
delivered fuel gas (temperature of approximately 160°C) would be cooled in the cell by the time the cell temperature 
rose from approximately 40OC to approximately 100°C. This consequently was a problem in that steam in the fuel 
gas would become water, which would be adsorbed by the phosphoric acid electrolyte in the matrix, causing the 
fluid volume to expand. 

(c) Problems to be Solved 

This invention is constituted to make load heating from low temperatures (approximately 40°C) possible to 
shorten the cell starting time, and moreover to resolve the problems of catalyst contamination by CO in the reformed 
gas and phosphoric acid electrolyte expansion by moisture in the reformed gas, thereby removing hindrances to cell 
performance and longevity. 

(d) Means of Solving Problems 

This invention houses various adsorbents for moisture and carbon monoxide in stratified form in an intake 
manifold, which delivers fuel gas, which is methanol reformed by a reformer, to cell fuel electrodes, so that the 
moisture and carbon monoxide in the fuel gas are respectively adsorbed by the various aforementioned adsorbents 
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when the cell is cold-started, and the aforementioned adsorbed moisture and carbon monoxide are released at above 
a specified temperature in the cell, thereby regenerating both adsorbents. 

(e) Action 

By housing various adsorbents for moisture and carbon monoxide in the fuel gas intake manifold, this 
invention makes it possible to increase the cell temperature from a level (approximately 40°C) by means of cell 
reaction heat, without contaminating the fuel electrode catalyst with carbon monoxide and without causing the 
volume of phosphoric acid electrolyte to increase due to moisture, markedly shortening the cell start-up time. In 
addition, the various adsorbents can also be regenerated by the adsorbed moisture and the adsorbed carbon 
monoxide being released when the cell heats to above a specified temperature. 

(f) Example Embodiments 

Example embodiments of the fuel cell generating system of this invention will be described using the 
attached figures. 

A methanol reformer (1) reforms natural gas as the gas, which, as in commonly known, is a vaporized 
mixture of liquid methanol and water, passes through a reforming catalyst layer. Further, the start-up time of a 
small-scale reformer compatible with a 5 kw-output fuel cell is approximately 5 to 6 minutes. 

A cell (2) possesses respective fuel gas intake and exhaust manifolds (3)(3') and respective reaction air 
intake and exhaust manifolds (4)(4') [in the case in Figure 1] or respective air (reaction air and cooling air) intake 
and exhaust manifolds (4o)(4o') [in the case in Figure 2], and further, in the case in Figure 1, possesses respective 
cooling gas intake and exhaust manifolds (5)('5). 

When the cell (2) is started, gas flue gas (6) in the reformer is forced by a blower (BW) into the cooling gas 
duct via the manifold (5), as shown in the example in Figure 1, or air that has been heated by a burner (7) is forced 
into the cell via the manifold (4), as in the example in Figure 2, raising the cell temperature to 40°C in approximately 
5-6 minutes. 

The reformed fuel gas contains approximately 0.5-0.3% carbon monoxide (CO) and approximately 10% 
moisture (steam). 

In this invention, a moisture adsorbent (8) and a carbon monoxide adsorbent (9) are housed in stratified 
form inside the fuel gas intake manifold of the cell (2), as shown in Figure 3. 

The moisture adsorbent (8) is, e.g., 2-3 mm-diameter x approximately 5 mm-long silica gel or activated 
alumina molded pellets that are encased in a stainless steel mesh so that spaces are formed between them, which is 
then disposed in the gas intake. 

The carbon monoxide adsorbent (9) is alumina (Mo/Al 2 0 3 ), or the like, to which carbon paper or 
molybdenum has been added, suspended in platinum black or palladium black, and as an example, a fuel cell gas 
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electrode is used in which a platinum catalyst is suspended, which is cut to approximately 5 mm- 10 mm- wide and 
encased in stainless steel mesh (10) similar to that described above, and then disposed adjacent to the moisture 
adsorbent (8). Further, the inside of the manifold (3) may be subdivided in the stacking direction with stainless steel 
guide plates (11). 

When this kind of fuel gas intake manifold is attached to a cell (2), a diffusion gap (12) is formed between 
the cell stack surface and the stainless steel mesh (10). 

Next, the operation of the generating system of this invention will be explained. 

When starting the cell, once the cell temperature has been raised to approximately 40°C, as described above, 
the various reaction gases are delivered and heating by cell reaction heat begins. At this time, the fuel gas produced 
by the reformer (1) is delivered to the fuel electrode of the cell (2) via the intake manifold (3), but since the 
temperature of the various adsorbents (8)(9) inside the manifold (3) is low when delivery is first started, the steam in 
the fuel gas is adsorbed as water by adsorbent (8) and the carbon monoxide in the fuel gas is adsorbed by adsorbent 
(9), so that the fuel gas is sent to the cell (2) with large portions of the moisture and carbon monoxide removed. 

Since the cell temperature is raised in a short time by the reaction heat to approximately 100°C or more, it 
reaches it rated operating temperature (approximately 18O-200°C) and begins regular operation, without moisture 
(steam) in the fuel gas being absorbed by the cell electrolyte and without virtually any carbon monoxide 
contamination of the fuel electrode catalyst. 

As it begins regular operation, the moisture adsorbed by the adsorbent (8) is released as steam and the 
carbon monoxide adsorbed by the adsorbent (9) is released, regenerating both the adsorbents (8)(9) and preparing 
them for the next start, 
(g) Effect 

Since, according to this invention, various adsorbents for moisture and carbon monoxide are housed inside 
the fuel gas intake manifold to respectively adsorb moisture and carbon monoxide in the fuel gas produced by a 
reformer, it becomes possible to raise the cell temperature efficiently with reaction heat from a low temperature 
without increasing the volume of phosphoric acid electrolyte with moisture and without contaminating the fuel 
electrode catalyst with carbon monoxide, even when beginning to raise the cell temperature with reaction heat from 
a low level (approximately 40°C), thereby markedly shortening the cell start-up time. This also has the advantage of 
being able to regenerate the various adsorbents by releasing the adsorbed moisture and the adsorbed carbon 
monoxide when the cell heats above a specified temperature, making the generating system structure more compact 
than past systems and well suited to small-scale fuel cells. 
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